INTRODUCTION
Heparin-induced thrombocytopenia (HIT) is a serious, potentially fatal, decline in platelet number due to use of unfractionated heparin, low-molecular weight heparin, and/or other polyanions [1] [2] [3] [4] . It may present as a nonimmune or immune-mediated form, with immune complexes formed between heparin and platelet factor 4 (PF4) [5, 6] . This form of thrombocytopenia may be followed by lifethreatening thromboembolic events, such as deep vein thrombosis and pulmonary embolism [7, 8] . HIT associated with hemodialysis is rare, but even small amounts of heparin used for anticoagulation during hemodialysis treatment may provoke HIT [3, 4, 8] . In chronic dialysis patients, HIT frequency is low (3.9% in the literature) in newly diagnosed patients [4, 8] . Application of non-heparin anticoagulant preparations, including the specific anti-Xa inhibitor fondaparinux, is necessary [9] . Therefore, clinical management of HIT in patients on hemodialysis is difficult, in some countries often limited by the lack of drug supplies. Laboratory monitoring of fondaparinux based on anti-Xa activity in dialysis patients has not been sufficiently documented. This case report presents the application and dose adjustment of fondaparinux in dialysis patients with type II HIT.
CASE REPORT
A 56-year-old patient was admitted to our hospital with terminal stage of chronic kidney failure secondary to polycystic kidney disease. During the hospitalization, he was started on the chronic program of hemodialysis, through central venous catheter. Arteriovenous fistula was created three days after his first (urgent) hemodialysis, as he previously refused it. Fifteen days after hemodialysis was started, the patient developed a significant decline in the platelets count from 286 × 10 9 /L to 41 × 10 9 /L. Clinical suspicion for HIT II was confirmed by a highly positive result for HIT-Ab (20.6 IU/mL). The presence of HIT antibodies was detected with immunoturbidimetric assay (HIT-AbPF4-H HemosIL, IL ACL 300, Instrumentation Laboratory Company, Milan, Italy).
When diagnosis was confirmed, heparin was discontinued. As citrate dialysis is not available in Serbia, and non-heparin anticoagulants are not proposed by the healthcare system for the diagnosis of HIT, the only possible medication to use was fondaparinux (fondaparinux sodium; GlaxoSmithKline, Brentford, UK). However, official data for fondaparinux used in patients on hemodialysis was limited. Thus, after consultation with transfusion medicine specialist, it was decided to establish a local fondaparinux-specific anti-Xa assay for the fondaparinux monitoring. Anti-Xa assay was created with fondaparinux calibrator and performed with anti-Xa heparin chromogenic method (anti-Xa heparin assay IL on ELITE PRO® IL, Instrumentation Laboratory Company, Milan, Italy).
Fondaparinux plasma level was measured at the beginning of dialysis, every hour during the dialysis and 24 hours after every dialysis treatment. The known mean steady state plasma concentration is in the range of 0.46 to 0.62 mg/l, which is regularly applied to patients with symptomatic deep vein thrombosis and pulmonary embolism undergoing treatment with fondaparinux [10] . As hemodialysis session itself requires effective dosage of anticoagulant to prevent potential thrombotic complications in blood and extracorporeal circuit, and as HIT additionally favors thrombosis, we have used the same steady state for coagulation monitoring in our patient [10] .
In our patient, 0.03 mg/kg (of patient's estimated dryweight) of fondaparinux was firstly administered subcutaneously at the beginning of dialysis treatment. During the third hour of dialysis, plasma level of fondaparinux reached toxic values (0.71 mg/L). Two days afterwards, at the second dialysis course, twice-reduced dose (0.015 mg/kg) was administered subcutaneously at the beginning of dialysis, when fondaparinux plasma level was within steady-state levels. However, toxic levels were reached during dialysis: 0.89 mg/L, 0.77 mg/L, and 0.84 mg/L at the first, second and third hour, respectively. At the start of the third hemodialysis, 0.03 mg/kg of fondaparinux was applied intravenously. During the entire aforementioned treatment, fondaparinux plasma levels were within the optimal range, with maximum of 0.61 mg/L at the third hour of hemodialysis (Table 1) .
Comparing pharmacokinetics between the dialyses, while fondaparinux was administered subcutaneously, its plasma levels were reaching toxic values, 1.13 mg/L and 0.69 mg/L even 12 hours after first and second dialysis, respectively. However, when fondaparinux was administered intravenously, its plasma level remained within the reference interval during the follow-up (Table 2) . Therefore, 0.03 mg/kg of fondaparinux was continued intravenously during further hemodialysis treatments of this patient. Coagulation monitoring was checked after every hemodialysis session, and remained within the effective and safe range.
Nevertheless, type of dialysis was changed during the hospitalization. Both low-flux bicarbonate hemodialysis and postdilutional hemodiafiltration were inappropriate. Postdilutional hemodiafiltration was effective for fondaparinux elimination and prevention of its accumulation, but in the arteriovenous system it produced high hemoconcentration, which led to coagulation in the dialysis set. However, high-flux bicarbonate hemodialysis showed the best performance for both dialysis effectiveness and low fondaparinux accumulation.
Soon after heparin discontinuation, platelet number returned within reference levels. After four months, heparin was re-introduced to hemodialysis in the same patients, and no thrombocytopenia occurred.
DISCUSSION
This case illustrates the main obstacles in treatment management of HIT in hemodialysis. Current guidelines recommend immediate discontinuation of heparin and use of non-heparin anticoagulants, such as anti-Xa and direct thrombin inhibitors. Danaparoid and lepirudin are usually recommended, together with new oral anticoagulants [7, 11, 12, 13] . However, Serbia has limited access to these anticoagulants. Citrate-based dialysis, which is recommended in case of HIT development, is also unavailable in Serbia. When guideline-suggested non-heparin medications and anticoagulants are not available for treatment of this serious condition, especially in the resource-limited settings, fondaparinux may present as a possible alternative.
Although fondaparinux, as a coagulation factor Xa inhibitor, is noted to be used in several cases of HIT until now, there are still no officially established protocols for fondaparinux use [10, 14, 15] . This is particularly an inconvenience in a population which develops HIT during hemodialysis, because of its mainly renal route of excretion [9, 10] . Additionally, fondaparinux monitoring assays are not commercially available, which thoroughly disables its routine use [16] .
The assay methodology for measuring fondaparinux plasma concentration and efficacy is very similar to the standard anti-factor Xa assay for low-molecular-weight heparin or unfractionated heparin, but still not equivalent [14, 15] . Thus, in our case, we created a fondaparinux-specific assay using fondaparinux calibrator with an anti-factor Xa heparin assay method (anti-factor Xa heparin IL).
As our case showed, fondaparinux had given subcutaneously increases risk of adverse events due to its extended-release and prolonged maintenance of toxic levels, even 12 hours after dialysis. However, when used intravenously, fondaparinux remains safe, with reached steady-state level within dialysis and low risk of toxicity afterwards.
Po tential cross-reactivity of fondaparinux to previous use of heparin is acknowledged and may be provoked, but it nonetheless has lesser extent of immunogenicity than heparin [7] . Furthermore, dosage of fondaparinux must be adjusted to the rate of glomerular filtration due to its increased risk of accumulation in patients with renal failure [10, 14, 17] . When used in patients on hemodialysis, it is necessary to apply fondaparinux adjusted to patients' estimated dry weight. If possible, it is advisable to perform high-flux bicarbonate dialysis. Therefore, when fondaparinux is used in specific groups, such as patients with renal failure and/ 
